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Abstract. We present a long BeppoSAX observation of Abell 754 that reports a nonthermal excess with respect to
the thermal emission at energies greater than ∼ 45 keV. A VLA radio observation at 1.4 GHz definitely confirms
the existence of diffuse radio emission in the central region of the cluster, previously suggested by images at 74 and
330 MHz (Kassim et al. 2001), and reports additional features. Besides, our observation determines a steeper radio
halo spectrum in the 330-1400 MHz frequency range with respect to the spectrum detected at lower frequencies,
indicating the presence of a spectral cutoff. The presence of a radio halo in A754, considered the prototype of
a merging cluster, reinforces the link between formation of Mpc-scale radio regions and very recent or current
merger processes. The radio results combined with the hard X-ray excess detected by BeppoSAX give information
on the origin of the electron population responsible for nonthermal phenomena in galaxy clusters. We discuss also
the possibility that 26W20, a tailed radio galaxy with BL Lac characteristics located in the field of view of the
PDS, could be responsible for the observed nonthermal hard X-ray emission.
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1. Introduction
Shocks and turbulence associated with a major cluster
merger event could provide the ingredients necessary to
the formation of extended radio regions detected so far in a
limited number of clusters, namely a diffuse magnetic field
amplification and particle reacceleration (Tribble 1993;
Roettiger, Burns, & Stone 1999; Roettiger, Stone, & Burns
1999; Brunetti et al. 2001). The existence of Mpc-scale
radio halos or relics combined with the relatively short
radiative lifetimes suggests an in-situ electron reaccelera-
tion induced by a very recent or current merger event. This
hypothesis is supported by observational evidence (Feretti
1999). The existence of large radio regions could be at the
origin of the nonthermal hard X-ray (HXR) emission de-
tected in the Coma cluster (Fusco-Femiano et al. 1999;
Rephaeli, Gruber, & Blanco 1999) and Abell 2256 (Fusco-
Femiano et al. 2000) both showing extended radio emis-
sion. A considerable fraction of the input energy during
a merger process can be released in particle acceleration
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and re-emitted in various energy bands. In particular, the
same accelerated electrons responsible for the diffuse radio
synchrotron emission can scatter the Cosmic Microwave
Background (CMB) photons to produce nonthermal in-
verse Compton (IC) X-ray emission. Alternative relativis-
tic particles to primary re-accelerated electrons emitting
in radio halos or relics and responsible for IC nonthermal
HXR emission could be secondary electrons produced in
the interactions of cosmic rays in the ICM (Dennison 1980;
Blasi & Colafrancesco 1999).
X-ray and optical observations report a violent merger
event in the galaxy cluster Abell 754 (Henry & Briel 1995;
Zabludoff & Zaritsky 1995; Henriksen & Markevitch 1996;
Bliton et al. 1998; Markevitch et al. 1998; De Grandi &
Molendi 2001) and a numerical hydro/N-body model of
this cluster (Roettiger, Stone, & Mushotzky 1998) has
shown that many of its observed morphological proper-
ties can be explained by a very recent merger (< 0.3 Gyr),
slightly off-axis, between two clusters having a total mass-
ratio less than 2.5:1. Therefore, the intracluster medium
(ICM) of A754 appears to be a suitable place for the for-
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mation of radio halos or relics. As a consequence, radio and
HXR observations of this cluster are relevant to establish
robust evidence of the suggested link between the presence
of nonthermal phenomena and merger activity in clusters
of galaxies and to obtain information on the processes that
can inject relativistic electrons. The cluster has been re-
cently imaged at 74 and 330 MHz with the NRAO VLA
observatory (Kassim et al. 2001) suggesting the existence
of a radio halo and at least one radio relic. Observations at
higher resolution and sensitivity are required to confirm
the obtained results. A754 was observed in hard X-rays
with RXTE in order to search for a nonthermal compo-
nent (Valinia et al. 1999). The fit to the PCA and HEXTE
data set an upper limit of ∼ 1.4× 10−12 erg cm−2 s−1 in
the 10-40 keV band to the nonthermal emission.
In this paper we present the results of a high sensi-
tivity VLA radio observation at 1.4 GHz and of a long
BeppoSAX observation, exploiting the unique capabilities
of the PDS (Frontera et al. 1997) to search for HXR emis-
sion. We discuss the new radio data and the origin of the
excess detected at energies above ∼ 45 keV with respect
to the thermal emission.
Throughout this paper, we assume a Hubble constant
of H0 = 50 km s
−1 Mpc−1 h50 and q0 = 1/2, so that
an angular distance of 1′ corresponds to 86 kpc (zA754 =
0.054; Bird 1994). Quoted confidence intervals are at a
90% level, if not otherwise specified.
2. Hard X-ray data
2.1. PDS and MECS data reduction
The pointing coordinates of BeppoSAX are at J2000 α =
9h 9m 21.0s, δ = -9◦ 41′ 24.0”. The total effective exposure
time for the PDS was ∼ 84250 sec in the two observations
of 2000 May 6th and May 17th. The observed count rate
was 0.333 ± 0.021 counts s−1 in the 15-100 keV energy
range, at a confidence level of ∼16σ.
Since the source is rather faint in the PDS band (ap-
proximately 2 mcrab in the 15-100 keV), a careful check
of the background subtraction must be performed. PDS
spectra were extracted using the XAS v2.0 (Chiappetti
& Dal Fiume 1997). The background sampling was per-
formed using the default rocking law of the two PDS colli-
mators that samples ON,+OFF, ON,-OFF fields for each
collimator with a dwell time of 96 s (Frontera et al. 1997).
When one collimator is pointing ON source, the other col-
limator is pointing toward one of the two OFF positions.
We used the standard procedure to obtain PDS spectra
(Dal Fiume et al. 1997); this procedure consists of extract-
ing one accumulated background spectra in the two differ-
ent +/-OFF sky direction. The comparison between the
two accumulated backgrounds ([+OFF]vs.[-OFF]) shows
a difference in the pointings for the first of the two ob-
servations. In particular, the background in the position
+OFF was much greater than that in position -OFF. So,
for the analysis, we have considered only the background
in the -OFF position. In the second observation we do
not find differences between the spectra extracted from
the two offset positions. The background level of the PDS
is the lowest and most stable obtained so far with the
high-energy instruments on board satellites thanks to its
equatorial orbit. No modelling of the time variation of the
background is required. The correctness of the PDS back-
ground subtraction has been checked by verifying that the
counts fluctuate at about zero flux as the signal falls below
detectability. This happens at energies greater than ∼ 75
keV.
The total exposure time for the MECS was∼ 1.85×105
sec with a count rate of 0.748 ± 0.002 counts s−1. MECS
data preparation and linearization were performed using
the SAXDAS package under an FTOOLS environment.
We have extracted an MECS spectrum from a circular re-
gion of ∼ 20′ radius (corresponding to about 1.7 Mpc).
From the ROSAT PSPC radial profile, we estimate that
about 95% of the total cluster emission falls within this
radius. The background subtraction has been performed
using spectra extracted from blank sky event files in the
same region of the detector as the source. For more de-
tails see De Grandi & Molendi (2001) that used the same
MECS data to determine the temperature profile of A754.
A numerical relative normalization factor among the
two instruments has been included in the fitting proce-
dure (see next section) to account for (1) the fact that the
MECS spectrum included emission out to ∼ 1.7 Mpc from
the X-ray peak, while the PDS field of view (FWHM =
1.3◦) covers the entire emission from the cluster; (2) the
slight mismatch in the absolute calibration of the MECS
and PDS response matrices employed; and (3) the vi-
gnetting in the PDS instrument (the MECS vignetting is
included in the response matrix). The estimated normal-
ization factor is ∼ 0.8. In the fitting procedure, we allow
this factor to vary within 15% from the above value to
account for the uncertainty in this parameter.
3. Radio data
A radio observation at 1.365 GHz was obtained with the
Very Large Array (VLA) in D configuration on September
25, 2000, for a total integration time of about 2.5 h.
Data were calibrated and reduced with the Astronomical
Image Processing System (AIPS), following the standard
procedure (Fourier inversion, Clean and Restore, Self-
calibration).
The radio image obtained with angular resolution of
70′′ is presented in Fig.1, overimposed onto the optical
image. The rms noise is of 0.1 mJy/beam, i.e. about 5
times better than the NRAO VLA Sky Survey (NVSS)
image (published by Giovannini et al. 1999). The diffuse
emission detected here is complex and it is much more
extended than in any previous image at any frequency.
The cluster halo is easily visible around the bright-
est optical cD galaxy. This emission is not detected in the
NVSS, but is detected at 330 MHz and 74 MHz by Kassim
et al. (2001). As pointed out by these authors, several dis-
crete sources are embedded within the radio halo. In ad-
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Fig. 1. Radio map at 20 cm with resolution of
70′′(contours), overlayed onto the grey-scale image
from the digitized ESO/SERC Southern Sky Survey.
The σ noise level in this map is 0.1 mJy/beam.
Contours are at –0.3, 0.3, 0.6, 1, 2, 4, 8, 16, 32, 64,
128 mJy/beam The cluster cD galaxy is marked by
an arrow. The cluster halo and relics are indicated.
The bold dashed contour indicates the east relic of
Kassim et al. (2001) at 74 MHz.
dition, we detect in the present image an extended diffuse
emission to the east of the halo. Although a connection of
this emission to the radio halo cannot be excluded, we ten-
tatively classify this feature as a peripheral cluster relic.
The cluster radio relic is detected by Kassim et al. (2001)
at 74 MHz and not at 330 MHz. At 74 MHz it is much less
extended than the feature detected here at 1.4 GHz, and
it is located at the eastern boundary of our relic image.
The possible connection relic-halo present in the 1.4 GHz
image does not appear in the 74 MHz image.
The total flux density of the radio halo at 1.4 GHz,
after subtraction of the discrete sources, is 86 ± 2 mJy.
Comparison to the total flux at 330 MHz given by Kassim
et al. (2001) leads to a spectral index α1400330 ∼ 1.5. The halo
spectrum appears to be steeper than that estimated by the
previous observations in the 74-330 MHz frequency band
(α33074 ∼ 1.1), indicating the presence of a spectral cutoff.
The total flux density of the relic is 69 ± 2 mJy. Since the
relic source in the map of Kassim et al. (2001) at 74 MHz
is significantly less extended than in the present map at
1.4 GHz, we obtain a lower limit ∼ 1 for the spectral index
in the range 74-1400 MHz. An upper limit of ∼ 1.7 in the
range 330-1400 MHz is derived from the lack of detection
in the 330 MHz image of Kassim et al. (2001).
3.1. Hard X-ray results
The temperature profile derived from the MECS data
analysis of this BeppoSAX observation confirms that A754
is an extremely disturbed and substructured cluster, as
reported in previous X-ray and optical observations. The
MECS spectrum is extracted from a circular region of ra-
dius ∼ 20′ that gives a mean temperature of 9.42+0.16
−0.17
keV consistent with the value of ∼ 9 keV determined
from other X-ray instruments (ASCA GIS, Ginga LAC,
RXTE PCA) within their respective errors bars. The iron
abundance results to be 0.25+0.04
−0.03. These results are re-
ported in De Grandi & Molendi 2001.
To search for a nonthermal component in the spectrum
of A754, we have performed a simultaneous fit (see Fig. 2)
to the MECS and PDS data with a MEKALmodel that re-
ports an average gas temperature of ∼9.4 keV (χ2=194.4
for 158 d.o.f.). A systematic error of 1% was added in
quadrature to the statistical uncertainties of the spectral
data of the PDS, on the basis of the results obtained from
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routinely performed Crab Nebula observations. The nor-
malization factor for the two data sets is ∼ 0.72. At en-
ergies above ∼ 45 keV there is a conspicuous excess with
respect to thermal emission at a confidence level of∼ 3.2σ.
This long BeppoSAX observation is composed of two ob-
servations with a time interval of few days and the sepa-
rate data analysis does not evidence significative variabil-
ity. We infer a robust indication for the nonthermal nature
of the detected excess by fitting the MECS/PDS data with
a 2-T model and with a T plus a power law model. In the
first model one of the temperatures has the value of ∼
9.4 keV, while the second temperature assumes unrealis-
tic values greater than 50-60 keV that strongly support
a nonthermal mechanism for the second component. In
the second model the fit, with a χ2 value of 177.4 for 156
d.o.f., is not able to determine the spectral index, but the
improvement of the χ2 value with respect to a single ther-
mal component (MEKAL model) is significant at more
than 99.92% confidence level, according to the F-test. In
the 10 - 40 keV energy range the fit gives a nonthermal
flux of ∼ 1.6 × 10−12 erg cm−2 s−1 consistent with the
upper limit reported by the RXTE observation (Valinia
et al. 1999).
In the next session we discuss the origin for the de-
tected nonthermal excess considering the presence of the
radio halo in the ICM of the cluster and that of the ra-
dio galaxy 26W20, which displays BL Lacertae charac-
teristics (Silverman, Harris, & Junor 1998), in the field
of view of the PDS at a distance of about 27′ from the
BeppoSAX pointing.
4. Discussion
Nonthermal X-ray emission has been detected in the Coma
cluster and Abell 2256 by the PDS onboard BeppoSAX ,
while a flux upper limit has been reported for Abell 3667
(Fusco-Femiano et al. 2001). The deviation of these ”hard
tails” from the the thermal bremsstrahlung spectra ap-
pears to start at energies above 20-25 keV. A likely origin
for the detected nonthermal HXR radiation is IC emission
by scattering of CMB photons by the radio synchrotron
electrons responsible for extended radio regions present in
the center (radio halo) or in the periphery (radio relic)
of the cluster. Alternative mechanisms to the IC model
have been proposed (Blasi & Colafracesco 1999; Sarazin &
Kempner 2000; Dogiel 2000; Blasi 2000; Liang, Dogiel, &
Birkinshaw 2002), some of these motivated by the discrep-
ancy between the value for the intracluster magnetic field
derived by the BeppoSAX observation of the Coma cluster
(BX ∼ 0.16µG; Fusco-Femiano et al. 1999) and the value
derived from the Faraday rotation (BFR ∼ 6µG; Feretti
et al. 1995) of polarized radiation of sources through the
ICM. Recently, Newman, Newman, & Rephaeli (2002)
have pointed out that many and large uncertainties are
associated to the determination of BFR (see also Govoni
et al. 2002). However, this discrepancy can be attenuated
considering models that include the effects of more realis-
tic electron spectra, spatial profiles of the magnetic fields
and anisotropies in the pitch angle distribution of the elec-
trons (Goldshmidt & Rephaeli 1993; Brunetti et al. 2001;
Petrosian 2001). Another possibility is that the detected
excesses are due to the presence of very obscured sources
like Circinus (Matt et al. 1999) in the field of view of the
PDS (1.3◦). In the case of Coma and A2256 the analysis
of the MECS images excludes the presence of this kind of
sources in the central region (∼ 30′ in radius) of the clus-
ter unless the obscured source is within 2′ of the central
bright cores. We have re-observed A2256 after about two
years from the first observation and the two spectra are
consistent (Fusco-Femiano et al. 2002). Besides, both ob-
servations comprise two exposures with a time interval of
∼ 1 year and ∼ 1 month, respectively and all these obser-
vations do not show significant flux variations. These re-
sults and the fact that the two clusters, Coma and A2256,
with a detected HXR excess both have extended radio re-
gions strongly supports the idea that a diffuse nonthermal
mechanism involving the ICM is responsible for the ob-
served excesses. Support to this interpretation is given by
a second recent RXTE observation of the Coma cluster
(Rephaeli & Gruber 2002) that confirms the previous ob-
servation (Rephaeli, Gruber, & Blanco 1999) of a likely
presence of a nonthermal component in the spectrum of
the cluster.
For A754 we discuss two possible origins for the de-
tected excess at the level of ∼ 3.2σ, lower than that mea-
sured in Coma and A2256 (∼ 4.5σ). As reported in the
Introduction, the ICM of A754 appears to be a suitable
place to host relativistic electrons considering that X-ray
and optical observations indicate that the cluster is under-
going a violent merger process, and that Hydro/N-body
simulations show that the merger must be very recent.
The time elapsed from the start of the merger in A754
(< 0.3 Gyr) is not greater than the radiative lifetime for
electrons with γ ∼ 104. Shocks and turbulence associated
with a recent or current major merger event can be able to
provide energy for particle acceleration and magnetic field
amplification to produce diffuse radio emission (Tribble
1993; Brunetti et al. 2001). This scenario seems to be con-
firmed by the presence of diffuse radio emission (Kassim
et al. 2001) and now definitely confirmed by our deeper
VLA observation at higher resolution at 1.4 GHz. The
nonthermal HXR detected by the PDS could be IC emis-
sion by the same radio electrons scattering CMB photons.
The lack of variability in the nonthermal flux detected
by this long BeppoSAX observation is compatible with a
diffuse mechanism of the observed excess. Assuming that
the measured nonthermal flux of ∼ 10−11 erg cm−2 s−1
in the 40-100 keV energy range is due to IC emission, the
volume-averaged intracluster magnetic field is ∼ 0.1µG
obtained combining the radio halo and X-ray fluxes (see
Fusco-Femiano et al. 1999, eq.1) and using our measured
value of 1.5 for the radio halo index. A similar value of
BX is obtained for the radio relic assuming a radio spec-
tral index of 1.7. The equipartition value of the magnetic
field, computed with standard assumptions, is in the range
0.3− 0.6µG.
R.Fusco-Femiano et al.: Hard X-ray and radio observations of Abell 754 5
Fig. 2. MECS data in the 2-9 keV energy range
and PDS data at energies above 15 keV of the
BeppoSAX observation of A754. The continuous line
is the fit with a MEKAL model. The derived mean
gas temperature is of ∼9.4 KeV within a region of
20′ (1.7 Mpc) of radius .
The presence of diffuse radio radiation in A754, consid-
ered the prototype of a merging cluster, is a further evi-
dence of the link between Mpc-scale radio emission and
very recent or current merger processes (Feretti 1999).
Radio observations and the detection of nonthermal HXR
emission are of great importance for the understanding of
the origin of the electron population responsible for non-
thermal phenomena in clusters of galaxies. In the Coma
cluster, the prototype of halo clusters, the spectral cut-off
(Deiss et al. 1997) represents a strong indication for the
presence of a cut-off in the emitting electron spectrum.
This cut-off and the HXR excess detected in the Coma
cluster may be naturally accounted for in the context of
re-acceleration models (Brunetti et al. 2001) in which rel-
ativistic electrons with γ ∼ 100-300, produced by several
sources in galaxy clusters and accumulated in the clus-
ter volume over cosmological time, can be re-accelerated
by various processes at the energies required to explain
the radio halo in the Coma cluster. This cut-off is not
naturally expected if the radio emission is produced by
secondary electrons (Brunetti 2002) due to the decay of
charged pions generated in cosmic ray collisions (Dennison
1980; Blasi & Colafrancesco 1999; Dolag & Ensslin 2000;
Miniati et al. 2001). The radio and HXR observations of
A754 seem to confirm the scenario described by the re-
acceleration models in the Coma cluster. The detection of
the hard excess in A754 determines, in the framework of
the IC model, a volume-averaged intracluster magnetic
field of the same order (BX ∼ 0.1µG) of that deter-
mined in the Coma cluster (Fusco-Femiano et al. 1999).
This value of BX implies relativistic electrons at energies
γ ∼ 104 to explain the observed diffuse synchrotron emis-
sion. At these energies IC losses may determine a cut-off
in the electron spectrum in agreement with the spectral
cut-off observed in A754. So, the radio and HXR results
obtained by our observations of A754 support the scenario
that primary and not secondary electrons are responsible
for nonthermal emission in clusters of galaxies.
However, we cannot ignore the presence of the radio
galaxy 26W20 in the field of view of the PDS, located
at a distance of about 27′ from the BeppoSAX pointing,
that could be responsible for the hard excess in A754.
This source, discovered in the Westerbork radio survey
by Harris et al. (1980), shows a X-ray bright core sim-
ilar to that of a BL Lac object but with weak emis-
sion lines and this makes 26W20 different from a typi-
cal BL Lac object. The source is preferred to be classified
as tailed radio galaxy for the presence of a single jet or
tail and being member of a small group of galaxies. The
radio galaxy has had several X-ray observations due to
its close proximity to A754. It was first observed with
Einstein (Harris, Costain & Dewdney 1984) and the IPC
spectrum could be equally well fit by a power law (en-
ergy index 0.8±0.4) or with a thermal model (kT ∼ 3
keV). In the following the nonthermal nature of the X-ray
emission was clarified by a ROSAT observation. In partic-
ular, the fit to an on-axis PSPC observation gives a core
emission described by a nonthermal model with energy
index 1.32±0.17 and log NH = 20.90 ± 0.04. The X-ray
luminosity is ∼ 3 × 1043 erg s−1 in the 0.5 - 3 KeV en-
ergy range (Silverman, Harris, & Junor 1998). The source
shows variability. An 18% increase in the luminosity has
been determined by two PSPC observations within 5 days
in 1992.
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The spectral energy distributions (SED) of BL Lac
sources are characterized by two main peaks. The peak at
low energy is commonly explained as synchrotron emission
by relativistic electrons while that at higher energies as IC
emission of the same electrons scattering the synchrotron
photons (e.g. Dermer et al. 1997; Ghisellini et al. 1998).
In Figure 3 we show the SED for 26W20 where the
highest energy points refer to the PDS observation assum-
ing that this source is responsible for the detected excess.
The fit with a Synchrotron Self-Compton (SSC) model is
consistent with the SED of a BL Lac object (Perry 2001;
Padovani, Perlman, & Landt 2002; Giommi et al. 2002),
but a flat energy index of about 0.3 is required to extrapo-
late the flux detected by ROSAT in the PDS energy range,
taking into account the angular response of the detector.
The inclusion of the PDS points makes difficult to fit well
all the points of the SED. However, due to the variability
of this kind of sources only simultaneous observations can
be used to fix the spectral properties in a large energy
band. Unfortunately, the source does not appear in the
field of view of the MECS because hidden by one of the
calibration sources of the instrument.
5. Conclusions
Our VLA observation at 1.4 GHz definitely confirms dif-
fuse radio emission in A754 composed by a radio halo
and a relic, although a connection relic-halo cannot be
excluded. The relic image at 1.4 GHz appears much
more extended than that detected at 74 MHz by Kassim
et al. (2001). Our observation determines with accuracy
the slope of the radio halo spectrum in the 0.3-1.4 GHz
frequency range that results to be steeper than that ob-
tained in the band 74-330 MHz, indicating the presence of
a radio spectral cutoff. A BeppoSAX observation of A754
shows a nonthermal HXR excess at energies above ∼ 45
keV with respect to the thermal emission, at a confidence
level of ∼ 3σ. One possible explanation is IC emission for
the same relativistic electrons responsible for the diffuse
radio emission. This interpretation has been invoked to
explain the nonthermal emission detected in Coma and
A2256 both showing extended radio regions. The lack of
significative variability of the nonthermal flux detected in
A754 is consistent with a diffuse mechanism for the ob-
served excess. This detection, that needs to be confirmed
by future observations, and the radio results seem indi-
cate that primary re-accelerated electrons and not sec-
ondary electrons are at the origin of the observed nonther-
mal emission in clusters of galaxies. At present, it exists
also the possibility that the radio galaxy 26W20, located
in the field of view of the PDS, is responsible for the re-
ported hard excess. The extrapolation of the ROSAT flux
in the PDS energy range requires a flat index to explain
the nonthermal HXR flux. However, considering the non
simultaneity of the ROSAT and BeppoSAX observations
the SED may have assumed a different shape at the mo-
ment of the BeppoSAX observation. To discriminate be-
tween these two interpretations a hard X-ray observation
with imaging instruments is necessary.
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